Alternative complement pathway activity in mouse peritoneal fluid was determined by a sensitive microtiter assay with rabbit erythrocytes as target cells and cobra venom factor as the inducer of bystander hemolysis. The intra-and interstrain variations in five mouse strains were 30% and, maximally, 64%, respectively. No activity was detected in genetically C5-deficient mice. In C5-sufficient mice, intraperitoneal injection of heat-inactivated Listeria monocytogenes resulted in a 250% increase in local complement activity within 30 min. This effect was reversed by simultaneous injection of dextran sulfate but not heparin. These results are discussed in relation to the ability of listeriae to activate the mouse alternative complement pathway in vitro and the effectiveness of dextran sulfate and the failure of heparin in functioning as an adjuvant in the induction of a protective response in mice by a heat-inactivated listeria vaccine.
Infection of mice with sublethal numbers of live Listeria monocytogenes introduces a state of specific, cell-mediated resistance (2, 3, 7, 8, 11). Inactivated listeria cells and fractions of this bacterium are unable to protect mice from a lethal challenge. It was shown by several authors (6, (12) (13) (14) 17 ) that such vaccines become protective upon the addition of certain adjuvants. Although other authors question the specificity of this listeria model (18) , the induction of antilisterial resistance appears to be a good measure for immunological adjuvant activity. Here we show that it is also suited for studying the mode of action of adjuvants. For this study two polyanionic adjuvants with extremely different potencies in the listeria model, namely, dextran sulfate and heparin, were used. Dextran sulfate is very active (13) , whereas heparin is ineffective (5).
L. monocytogenes is an activator of the mouse alternative complement (C) pathway (ACP) (15) . The (10) showed that less than 2 viable bacteria per 109 could be recovered after heat treatment. Male Swiss inbred mice (10 per group) were inoculated i.p. with 108 heatinactivated listeriae in 0.5 ml of saline or with saline only, and changes in local C levels were monitored over a 3-h period.
Peritoneal C levels were determined after i.p. injection of mice with 0.5 ml of Veronal (Winthrop Laboratories, Div. * Corresponding author.
Sterling Drug Co., New York, N.Y.) (5 mM) saline buffer (pH 7.4) containing 8 mM ethylene glycol-bis(2-aminoethyl ether)-N,N'-tetraacetic acid (EGTA) and 0.5 mM magnesium chloride (modified EGTA-VB). After extensive massage of the abdomen, ca. 0.35 ml of fluid could be collected. This was spun, and the supernatant was serially diluted and tested for ACP activity by a modification of the recently described colorimetric microtiter C assay with rabbit erythrocytes as target cells (4). Differences from the original assay were the additional use of 0.25 U of purified (1) cobra venom factor (CoF) per dilution and modified EGTA-VB. CoF forms fluid-phase complexes with factor B (CoF, Bb) which can activate C3 and C5, giving rise to bystander hemolysis (16) . After incubation of 100 ,ul of the dilutions with 50 ,ul of buffer containing 7.5 x 106 rabbit erythrocytes and CoF at 39°C for 60 min, the percentage of hemolysis was determined by comparison of the optical densities at 405 nm with those of water-lysed (100% hemolysis) and buffer (0% hemolysis) controls. The hemolysis values were transformed to hemolysis/(100 -hemolysis) and double logarithmically plotted against the sample dilutions to obtain a linear relationship. The amount of fluid corresponding to 50% hemolysis {1 unit; log [hemolysis/(100 -hemolysis)] = 0} was read from the dose-response curve. The C activities of the different samples were expressed in units per milliliter. At the dose used, CoF increased mouse serum apparent ACP activity by 700% (J. P. A. M. Klerx (B) or 500 U of heparin (C) at 0 min. The total injection volume was always 0.5 ml.
Appl. Immunol., in press). The modified buffer has a 10-foldlower magnesium concentration than the original one, making it optimal for the bystander lysis effect in the mouse peritoneal ACP assay (data not shown). The modified assay enabled us to study mouse peritoneal ACP levels (Table 1) . With respect to this, the injected volume seemed to be critical: a volume of less than 0.5 ml gave less reproducible results, whereas a greater amount reduced the sensitivity of the assay (data not shown). The mean standard error over 50 individual tests of five CS-sufficient strains amounted to 30%, whereas the maximal difference between the strains was 64% (Table 2) . C5-deficient mice did not display peritoneal hemolytic ACP activity.
The intra-and interstrain variations were, however, small in relation to the effects of i.p. listeria injections on the local ACP levels (Fig. 1) . After an initial decrease (Fig. 1A and Table 2 ), a 250% increase in apparent ACP activity was reached within 30 min. By 2.5 h later, ACP levels had returned to normal values. The low levels at the beginning of the experiment may have been due to the dilution caused by two i.p. injections of 0.5 ml within a very short time. The enhancement by listeriae is therefore even more impressive. It is known that killed listeriae activate the mouse ACP (15) . ACP activation in the peritoneal cavity by the bacterium may result in the release of vasoactive C split products indirectly leading to a plasma influx, which could account for the locally enhanced ACP level. Alternative explanations for the increased ACP activity are local synthesis or a decreased turnover of C components or both. These interpretations, however, are less likely in view of the relative rapidity of the effects on the local C level.
The simultaneous injection of dextran sulfate (Mr, 500,000; Pharmacia, Uppsala, Sweden) reversed the local ACP activity-enhancing effect of the listeriae (Fig. 1B) . This can probably be ascribed to the strong anticomplementary activity of this substance in the ACP assay, as observed in vitro with mouse serum as the C source (5) . This explanation is strengthened by the finding that the listeria-induced enhancement of peritoneal C levels was not antagonized by the other polyanion, heparin (Kabi AB, Stockholm, Sweden) (Fig. 1C) , which has only weak ACP-regulatory activity in mouse serum (5) . The early changes in local ACP levels after i.p. injection of heat-inactivated listeriae and listeria-polyanion mixtures (Fig. 1 ) appeared to be inversely related to the protection induced by these combinations 7 days later (5, 13) . This negative correlation may be understood in terms of a mutual exclusiveness of early C-dependent degradation by macrophages and the ability of an antigen to stimulate long-term specific or nonspecific (18) defense mechanisms or both. It is, however, also conceivable that interference with local ACP activation reduces C3b generation, which is inversely related to macrophage Ia expression and antigen presentation (9) .
Whatever the underlying reaction mechanism may be, the results presented in this study confirm 
